Objectives-To study mortality and prevalence of neuropsychological symptoms among a cohort of painters known to have been heavily exposed to organic solvents. Methods-A mortality study of 1292 male painters who had worked in a dockyard in Scotland for >1 year between 1950 and 1992 comprised a nested cross sectional study of 953 surviving painters from the cohort and 953 male non-painters randomly selected from the local population and a case-control study of those with high symptom scores. Mortality, symptoms, and risks associated with painting, adjusting for age, education, smoking, alcohol, and personality were measured. Results-The proportional mortality ratio for all cancers was not increased significantly (110 (95% confidence interval (95% CI) 84 to 143), except for a possible excess of deaths from ischaemic heart disease (132, 105 to 164). Standardised mortality ratios were not signficantly increased. Among the 260 surviving painters and 539 community controls who responded to the questionnaire there was a significant excess of symptoms among painters; adjusted relative risk (RR) increased significantly with increasing symptom score. These RRs suggested an exposureresponse relation; for a high score (12-22) for all symptoms RR was 2.27 (1.20 to 4.30) for 1-4 years of exposure, 2.42 (1.18 to 4.95) for 5-9 years, 2.89 (1.42 to 5.88) for 10-14 years, and 3.41 (1.82 to 6.36) for 15-41 years, compared with controls. In multivariate analyses, painting exposure, and aging were associated with high symptom scores and there was again an increased risk relative to time worked as a painter. Conclusion-This study supports the hypothesis that heavy and prolonged exposure to paint solvents leads to neuropsychological ill health. (Occup Environ Med 1999;56:383-387) 
Many people are exposed to organic solvents and concerns about eVects on neuropsychological health and on other internal organs have been raised. [1] [2] [3] [4] [5] [6] [7] Nevertheless, scepticism has been expressed that solvents entail a serious risk nowadays. 8 9 In particular, some studies have suggested chronic neurotoxic eVects in painters, 1 2 10 11 whereas others have not. 12 13 We therefore carried out both a cohort mortality and a nested cross sectional questionnaire study of painters heavily exposed to organic solvents in a United Kingdom dockyard.
Methods
The study was approved by the local ethics committee, the employer, workforce representatives, and the local general practitioners. The cohort for the mortality study comprised all 1292 men who had worked in the paintshop at the dockyard for >12 months between 1950 and 1992, and was followed up from 1 January 1960 to 31 December 1994 . The target population for the questionnaire study was 953 painters from the mortality cohort who were not identified as dead at the end of 1995, together with 953 age matched male controls, randomly sampled from the current lists of the general practitioners of the local town. The vital status of cohort members was identified and copies of the death certificates were provided by the General Register OYce for Scotland. Both proportional mortality ratios (PMRs) within the cohort and standardised mortality ratios (SMRs) for comparison with the male population of Scotland were calculated.
The questionnaire was posted to subjects inviting them to participate in a study on the health of workers in the region, without mentioning the specific interest in dockyard painting. It was designed to obtain personal details, educational level, smoking, and alcohol consumption, symptoms of psychological and neurological disorders, 14 and employment history. To check on comparability of the cases and controls, we measured aspects of personality on Eysenck's social conformity (L) scale, 15 as this would have been expected to remain stable with or without exposure to solvents. Questions 1-16 (Q1-16), summarised as psychological symptoms, were derived from the Q-16 questionnaire used for screening in Nordic countries for the solvent syndrome,and 95% confidence intervals (95% CIs) calculated assuming a Poisson distribution. 17 For the cross sectional study, the diVerences in characteristics of subjects and scores for neuropsychological symptoms between painters and non-exposed controls were examined by 2 tests. A Breslow-Cox model 18 was used to estimate the eVects after controlling for the potential confounders age, educational level, smoking, alcohol intake, and social conformity, whereas a logistical regression model was used for the case-control study. Smoking was included as a categorical variable (nonsmokers, ex-smokers, and current smokers) and alcohol as a continuous variable (average units/week). Exposure data were included as years worked as a dockyard painter and time elapsed after leaving the dockyard. Social conformity (or dissimulation) was included as a score of <12 on the L part of the Eysenck N/L personality inventory. Results are expressed as relative risks (RRs) relative to the prevalence in controls.
Results

MORTALITY STUDY
At the end of follow up, 205 painters were dead, 989 were alive, and 98 were of unknown vital status. Table 1 shows the pattern of mortality among the painters. For PMR, the only suggestion of an increase in risk of death was from ischaemic heart disease. The SMR showed no significant excess mortality.
CROSS SECTIONAL STUDY
In all, 875 subjects returned completed questionnaires (302 painters, 573 controls). The rate of completing the questionnaires by those who received them (excluding those with serious illness-five painters and nine controls-or untraceable addresses-325 painters and 20 controls) was 48.5% for painters and 62.0% for controls, the overall response rate being 56.6%. After exclusion of painters from the control group and non-painters from the painter group, 260 painters and 539 non-exposed controls were included in the analyses. The prevalence rate ratios (or RRs) for individual neuropsychological symptoms were significantly higher among painters for every question except three, the highest risks being for the neurological symptoms, problems buttoning and unbuttoning, hands trembling, and for feeling weak or unsteady in the arms or legs (table 2) . A total score of all symptoms, summarised from Q1-22, was calculated for painters and controls (table 3) . The distribution of the scores was skewed with a mode of one symptom. The RRs and the adjusted RRs for painters with symptoms increased significantly with increasing scores (trend, p<0.00001). In separate analyses of the scores of psychological and neurological symptoms, both distributions showed similar trends to that of all combined (table 4). The painters had an increased risk of high scores, compared with controls, for both psychological and neurological symptoms; both trends were significant at p<0.00001.
For painters with a score of >12 for all neuropsychological symptoms, the RRs (95% CIs) increased significantly with years of exposure to painting: 2.32 (1.31 to 4.14) for 1-4 years of exposure, 2.50 (1.31 to 4.77) for 5-9 years, 3.06 (1.62 to 5.78) for 10-14 years, and 3.68 (2.14 to 6.32) for 15-41 years (trend p<0.00001), suggesting an exposure-response relation. This was not apparent for scores <12. After adjustment for confounding factors, this relation remained, the RRs for painters with a score of [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] As a score >12 for all symptoms had the highest risk and showed a significant exposureresponse relation, we considered these subjects to be cases and those with a score 0 or 1 as controls for a nested case-control analysis (table 3; 96 painters and 171 non-painters were included). The multivariate analysis still showed evidence of an exposure-response relation. The odds ratios (ORs) increased with years of exposure to painting: 2.82 (1.09 to 7.33) for 1-4 years of exposure, 6.08 (1.72 to 21.46) for 5-9 years, 6.95 (2.03 to 23.86) for 10-14 years and 6.14 (2.02 to 18.67) for 15-41 years. Also, the ORs increased with age (OR for 70-96 years old being 7.80, 1.02 to 59.59). The ORs for educational level, smoking, and alcohol intake were not significant, but the OR of the highest scores (11-12) of social conformity was 0.02 (0.00 to 0.23).More detail is given in table 5. Analyses of psychological symptoms (0-1 scores as controls, 9-16 as cases; 101 painters and 247 non-painters) and neurological symptoms (0 score as controls, 5-8 as cases; 63 painters and 221 non-painters) were performed separately, and showed similar patterns, significantly increased risks being associated with painting.
Discussion
This study has shown a risk of excess neuropsychological symptoms among dockyard painters over controls, on a background of no unexpected mortality patterns. The cohort size meant that small increases in risk of cancers or rare neurological disease would not have been detected, but it may be of interest that two of our cohort died of motor neuron disease in view of previous reports of an association between neurological disease and solvent exposure. 19 20 The possibility that the neuropsychological symptoms were caused by exposure to substances at work is suggested by the exposureresponse relation, even though our estimates of exposure were crude, relying on years worked in the dockyard. We know that few safety precautions were taken to reduce exposure over most of the relevant period, and in our current research we are making more accurate assessments of exposure as part of a case-control study in which we are also measuring neuropsychological function. We attempted to allow for various biases and confounding factors to increase confidence in our findings. Response bias was avoided by concealing the precise objective of the investigation, participants being invited to take part in a study of general health in the locality in relation to work, no specific mention being made of painting. As is often the case, many subjects could not be contacted because of migration from the area, and others failed to respond despite repeated requests. This particularly applied to painters, many of whom will have left the area in the decades since the start of the cohort follow up, whereas the controls were all identified from current general practice lists. As such a response rate may have introduced bias in an undeterminable direction, we have been able to repeat this study in China where we obtained a better than 94% response rate and have found closely similar results. 21 In that study of 109 dockyard painters and 255 controls, the RR for a neuropsychological score of 12-22 was 4.09 (95% CI 2.73 to 6.15). Among the painters in the present study, the distributions of age among responders (mean 51.3 (SD 14.0)), non-responders (47.6 (13.0)), and uncontactable subjects (49.7 (12.5)) showed no significant diVerences.
The control subjects were contacted with the same methods as the painters, and the responders included a higher proportion of more educated people, a source of bias which we have allowed for in the analyses. It is possible that some subjects with brain damage might have found the questionnaire too diYcult to complete; if indeed brain damage were an eVect of solvent exposure, this would have tended to minimise diVerences found. Our confidence in the validity of our findings is increased by the presence of an exposureresponse relation, duration of painting experience being associated with increased risk of a high symptom score compared with the controls. Also, in this study we found no significant diVerences between painters and controls for the social conformity (L) scale of the Eysenck questionnaire. 22 This measures the propensity to answer truthfully and provides some evidence of comparability of the groups. The confounding eVects of age, alcohol consumption, and cigarette smoking were also allowed for in the analyses without changing the overall findings.
There is some consistency and coherence in the literature for neurotoxic eVects of paint solvents. Axelson et al found, in a case-control study of disability pensioners in Sweden, 10 that workers exposed to solvents had an RR of about 1.8 of having neuropsychiatric disorders compared with other skilled workers in various trades. Two studies from Denmark have shown that subjects exposed to solvent have an RR of about 2-3 of developing dementia, 23 24 whereas several groups have found abnormal perform- ance on neuropsychological tests in workers exposed to solvents, 1 25 26 and a recent community based study has suggested an association between exposure to organic solvents and Alzheimer's disease. 27 By contrast with this, some studies have not shown a relation between exposure to solvents and evidence of neuropsychological disease. 12 13 28-30 It is to be expected that there would be conflicting published results, as adverse eVects of solvents are likely to be dosedependent, and many groups of workers are no longer exposed to high concentrations. In the dockyard, the solvents used were mainly white spirit, xylene, trimethylbenzene, n-butanol, trichlorethylene, naptha, and cumene. Toluene, butan-2-one, 4-methylhexan-2-one, methyl ethyl ketone, and 2-ethoxyethanol had been present in some paints, and dichloromethane was in use as a stripper. Some painters had also been exposed to lead, a well known neurotoxin, which may have contributed to the eVects we have found. Measurements made in the yard have shown that solvent exposures were at times well above relevant exposure limits (OELs), especially in enclosed spaces. Reconstruction of some of these conditions in 1996 (unpublished data) has shown that personal exposures would at times have been significantly above the relevant OELs, both in spray painting and in internal compartments of vessels-for example, averaged concentration of xylene <328 ppm, OEL 100 ppm, and methylethyl ketone <723 ppm, OEL 200 ppm). There was potential for extensive dermal and respiratory exposure among our subjects, and reports of past episodes of narcosis have been recorded. 3 In these circumstances, the finding of neuropsychological symptoms was perhaps not surprising. We anticipate that our current research will shed further light on the neuropsychological dysfunction we have found in these subjects.
Our results to date suggest that complacency about the safety of commonly used organic solvents is unjustified, 31 and that heavy exposures in confined spaces may be associated with significantly increased risks of chronic neuropsychological disorder. A problem associated with the eVects of such chemicals is that the patient may simply seem to be a little less intelligent or more emotionally disturbed than would otherwise be the case, and it is very easy for a doctor to dismiss such symptoms as a variant of normal or as an eVect of age. The occupational history should alert one to the possibility of such symptoms being toxic in aetiology.
